Abstract. The canonical coherent states were labeled by a single complex number z. In this article we present classes of coherent states labeled by some other choices, namely the iterates of a complex function, higher functions and elementary functions. Further, we show that some of these classes do not give the generalized oscillator algebra in the natural way.
Introduction
There are several ways to define a set of coherent states, CS. Among these available definitions, in this article, we adapt the following: where N (|z|) is the normalization factor, {ρ(m)} ∞ m=0 is a sequence of nonzero positive real numbers, W (|z|) is a positive function called a weight function, dµ is an appropriately chosen measure and I is the identity operator on H.
Due to the wide range of applications of CS in quantum theories, it is an active area of research to find new classes of CS in different domains. In the literature, a huge volume of articles devoted to this task, mainly by changing ρ(m) in (1.1), for example, [9] , [13] . The other possibility is to change the variable z and there by change the domain of interest. In this latter case, CS agreeing with the particular definition (1.1), were presented, for example [7] . In this article we present few more new classes of CS by changing the variable z by the m th iterate of a complex function, Laguerre polynomials and Bessel function of the first kind. Further we show that the CS so obtained do not give an oscillator algebra in the usual way. As the last part of this paper we give classes of CS obtained by replacing z by some elementary functions.
CS labeled by the iterates of a complex function
• T (z) denote the m th iteration and T 0 (z) = z. Suppose the function T has the following properties for some positive sequence {ρ(m)}
where dµ is an appropriately chosen measure. With the above assumptions we intend to have CS of the type
2.1. Normalization and resolution of the identity. By requiring
we can get the normalization condition (2.1) as follows.
normalizes | T (z) . For the resolution of the identity, consider
where we have used (2.2). Thus the collection (2.3) forms a set of CS.
is a subsequence of the positive sequence { Further, let dµ(r, θ) =
where we have used the identity
and the fact that
give us a set of CS. Here N (r) doesn't wear a closed form. For r ∈ [0, ∞) and θ ∈ [0, 2π) consider the states
the normalization condition r, θ | r, θ = 1 requires
Let us choose ρ(m) = m + 1.
Now to get the normalization factor to a closed form we use the following identity from [11] (see the section, Laguerre polynomials).
where 0 < r < ∞ and α > −1. From (3.3) we can identify the normalization factor as
On [0, ∞) × [0, 2π), let us take the measure,
where
is an auxiliary density and β is a positive constant such that α − β = 1. For the resolution of the identity,
Thus the resolution of the identity demands,
Now we use the following transform from [5] ,Vol-2, page-292 (1).
where β > 0. Since α − β = 1 from (3.4) and (3.5) we get the resolution of the identity. Let us see the normalization factor and the measure for some special values of α and β. 
where we have used the identity [10] 
The commutators takes the form By (4.6) we get,
Now from (4.5) we get
Since {φ m } is an orthonormal basis we get
.
Since f (z) is independent of m we must have
= C 1 and (4.8)
where C 1 and C 2 are constants. ρ(m) and g(m) can be chosen to satisfy (4.8) but (4.9) can be satisfied only for k = 1. In our construction we assumed k = 1. Thus for the states in (2.4) annihilation operator cannot be defined to satisfy (4.4). For the general case (2.3), f (z) becomes
Thus an annihilation operator can only be defined if
a function of z only. In general, it is not a possibility. For the states in (3.1), f (z) takes the form
Again, an annihilation operator can only be defined if
a function independent of m, which is not the case. Therefore, for the states (3.1) there cannot be an annihilation operator in the form (4.4). A similar argument applies to the CS in (3.6).
CS labeled by elementary functions
In this section we present classes of CS by replacing the variable z by some other elementary choices. These choices may be considered as a change of variable problem.
5.1.
On an arbitrary disc: Here we will give a set of CS by replacing z by η = e iθ (y − r) where y is a fixed positive real number, the radius of the disc, r ∈ (0, y) and θ ∈ [0, 2π). We define the CS as
In order to obtain the normalization and the resolution of the identity, we use the following integral transform: From [5] , Vol.2, page-185-(7) the following transform
is valid when µ, ν > 0 and y > 0. For the normalization let us look at r, θ | r, θ = N (r)
Thus the normalization factor takes the form
For the resolution of the identity, let us take the measure on [0, y) × [0, 2π) as dκ(r, θ) = dω(r)dθ,
Now let us fix ρ(m) and dω(r) by
where λ(r) = r ν−1 is an auxiliary density. Thus to get
which is true by (5.2) with µ − 1 = 2m. Since
the series in (5.3) converges on [0, y). In this case
where P l m (x) is the associated Legendre polynomials. Let us see some special values. For y = 1 and ν = 1 we get
where N (r) is positive and has a singularity at r = 0. For y = 2 and ν = 2 we have
again N (r) is positive and has a singularity at r = 0. In a similar way by changing y and ν we can generate several classes of CS of type (5.1) in different domains (a disc with any radius). Further, an oscillator algebra can be defined, for example for the case y = 1 and ν = 1 by taking x m = m−1 m+1 in (4.1) and (4.3) one could have U osc . In these cases, a | r, θ = (y − r)e iθ | r, θ . For the measure we take dκ(r, θ) = N (r) 2πr 2 dθdr, which is singular at r = 0. Now for the resolution of the identity, consider
where we have used the integral transform ( [5] ,Vol1,page 315, (14)) with s = −1 and ν = 2m + 1. The transform
is valid when 0 < x < 1, ν > 0 and s < 0. Let us see the oscillator algebra U osc . Since x m = m, from (4.1) and (4.3) one can easily see that the oscillator algebra is the usual Weyl-Heisenberg algebra. We also have a | r, θ = (log r)e iθ | r, θ . | r, θ = N (r)
As in the previous section the normalization factor takes the form
From [5] , Vol-1, page-360-(27) the following inverse Mellin transform (5.8)
where 
Remarks and conclusion
The CS presented in section 2 may not easily be extended to complicated functions. For example, if we take T (z) = z 2 + c, where c is a real or complex constant, then we do not have a closed form for T m (z) which could severely restrict our ability of getting the normalization and resolution of identity. The states presented in sections 3 and 4 may be extended to other higher function. The states similar to the ones presented in section 5 can easily be manipulated from integral transforms or by other means. For the CS of section 2, if we restrict the parameter z to be in the Julia set of T we can create frames on fractals. Some results supporting the latter claim will be presented in a forthcoming paper.
